Westar's Jeffrey Energy Center (JEC), St. Marys, Kansas is the largest coal-fired power plant in Kansas. It consists of three separate 720 MW units for electricity generation and uses low-sulfur subbituminous coal. In 2010, the upgrade of a flue-gas desulfurization (FGD) scrubber unit was completed to enhance the removal efficiencies of sulfur dioxide, mercury, and particulate matter in the flue gas, complying with air emission regulations. Scrubber design is a limestone forced-oxidation (wet) FGD process (Westar Energy, 2017) . These systems create wastewater with elevated concentrations of trace elements (such as selenium), dissolved solids, and other constituents including boron, sulfur, fluorine, etc. Therefore, the FGD wastewater needs to be treated before releasing into the Kansas River to meet surface water quality regulations. As an economically and environmentally feasible option, a pilot-scale constructed wetland treatment system (CWTS) was implemented at the JEC in December 2010.
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by switching the influent solution to a deoxygenated 1:1 mixture of FGD wastewater: raw water. This influent was delivered for 100 days with upward constant flow. Effluent was collected in increments of 0.5 pore volume (PV) from the outlet at top of each column (Figure S1 c) and pH was measured immediately. After recording their weight and volume, the effluent samples were immediately filtered and stored as non-acidified or acidified samples at 4°C depending on the targeted analysis. The collection increment of 0.5 PV corresponded to a time interval of approximately 5 days for the TS columns and approximately 4.5 days for the columns filled with ES material.
Breakthrough curves (BTCs) were constructed by plotting the relative effluent solute concentration (C/C 0 ) against the number of pore volumes to understand the behavior of the constituents of FGD wastewater. In a BTC, the concentration of a constituent of interest in an effluent solution is denoted as C whereas C 0 is the concentration of that same constituent in the influent FGD wastewater solution.
Analysis of influent and effluent
Before analyzing the FGD wastewater and effluent samples on the ICP-MS-DRC, it was highly recommended to digest filtered and acidified effluent further. About 45 mL of aqueous effluent was digested with 3 mL of trace-metal grade concentrated HNO 3 and 2 mL of HCl acids in a microwave digestion unit (MARSXpress, CEM Corporation, Matthews, NC), following the EPA-3015A method (USEPA, 2007) . This helped to minimize clogging of the ICP-MS nebulizer from considerable amount of total dissolved solids in the FGD wastewater. Two blanks (acidified Milli-Q water only) and two replicates of NIST 1643e "Trace Elements in Water" SRM were analyzed as quality assurance/quality control (QA/QC) assessment. The recovery percentage was in the range of 83 to 107%. In addition, spiked recoveries were assessed by adding known S4 amounts of a multi-element standard to randomly selected effluent samples. Recoveries for the spiked samples were found to be 84 to 103%.
Selenium speciation of FGD wastewater was performed by Applied Speciation and Consulting, LLC, WA. Samples were prepared in a laminar flow clean hood to avoid trace metals contamination. Immediately upon reception, an aliquot of each sample was filtered, using a 0.45μm syringe filter, for Se speciation. The filtrates were stored in a freezer maintained at -80 0 C until the analyses was performed by an ion chromatography inductively coupled plasma dynamic reaction cell mass spectrometry. Recoveries for QC samples were in the range of 93 to 95% and spiked recoveries were 106 to111%.
The unacidified samples were filtered through 0.2 µm syringe filters (Environmental Express Inc., South Carolina, USA) and analyzed using an ion chromatograph (ICS-1000, Dionex Corporation) to determine the concentrations of anions. To protect the guard column and analytical column of the IC from the salty nature of the FGD wastewater, solutions were filtered through 0.2 µm syringe filters (Environmental Express Inc., South Carolina, USA) before storing at 4°C. Appropriate dilutions were made before analysis, and all samples were analyzed in duplicate. Spiked samples and standards of known concentration were run at the middle of the analysis for QA/QC assessment. The recovery of standards was 116 to 123% and the spiked recoveries were in the range of 97 to 115%.
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Total elemental analysis of soil
The total elemental concentration in the soil was determined using a 30% hydrogen peroxide (H 2 O 2 ) and aqua regia digestion procedure (Premarathna et al., 2010) . First, air-dried samples were finely ground with an agate mortar and pestle. Then, 0.5 g of soil was added to a digestion tube and predigested with 0.5 mL of H 2 O 2 for 10 min at room temperature followed by adding another 2.5 mL of H 2 O 2 . Pre-treated samples were allowed to react overnight at room temperature. The tubes were heated on a digestion block at 90°C until the volume was reduced to ~1 mL. After the tubes were cool, the soils were digested using 5 mL of aqua regia [1:3 (v/v) HNO 3 /HCl] following the soil digestion procedure (75°C for 30 min, 100°C for 30 min, 110°C
for 30 min, and 140°C until the acid volume decreased to ~1 mL). The final volume was then made up to 20 mL using 0.1% HNO 3 . All samples were digested in duplicate. In each batch of digestion, two blanks and two samples of standard reference soil material (NIST 2711a -Montana soil) were included as a QA/QC control. Finally, the digested solution was filtered through a Whatman no. 42 filter paper. Prior to analyze on the ICP-MS-DRC, digested filtrates were further filtered through 0.20µm to protect the instrument by entering finer solid particles to the system. The recovery of NIST 2711a was about 81% and the spiked recoveries were in the range of 95 to 101%.
Sequential extraction procedure (SEP)
A seven-step SEP was performed to assess speciation of sequestered Se indirectly (Wright et al., 2003) . First, the air-dried samples were finely ground with an agate mortar and pestle. Then, 2.5 g of sample was added into a pre-weighed 50 mL polypropylene centrifuge tube. Prior to each extraction step, the weight of the residue remaining in the centrifuge tube was recorded and soil losses were minimized. Supplementary Table S3 summarizes the SEP, the Se fraction targeted by each step, and the conditions that were followed during extractions.
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Supernatants were filtered through 0.2 µm filters for the analysis using the ICP-MS-DRC. The normalized data and pre-edge will look different, as the transmission data will drop strongly with energy while the fluorescence data will not, the normalized mu(E) data should be directly comparable (M. Newville, personal communication, 2017) . The speciation of sequestered Se in the soils was determined by linear combination fitting (LCF) of ATHENA. The LCF procedure of each soil sample was attempted to reconstruct all the spectral combinations of Se standards used for the analysis. The set of Se standards used for the LCF included sodium selenate (Na₂SeO4), sodium selenite (Na₂SeO₃), selenium sulfide (SeS 2 ), iron (II) selenide (FeSe), seleno-DL-cystine, Se minerals, and elemental Se.
Sample preparation for micro-XRF mapping and micro-XANES analyses
Prior to the analysis, soil samples were finely ground using an agate mortar and pestle in a N 2 filled glove box. To make thin sections, a powdered sample was homogeneously spread on a piece of scotch tape. Unattached soil particles were carefully removed from the surface. Before removing samples from the glove box, a piece of tape was used to cover and seal the thin section completely. Micro-XRF mapping and micro-XANES measurements were performed in GSECARS (GeoSoilEnviro Consortium of Advanced Radiation Sources), at the APS. Elemental maps presented in this paper were generated using GSE-XRF Map viewer, which is available to download through http://cars.uchicago.edu/xraylarch/downloads/index.html.
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Results and Discussion
Characterization of water sources
Concentrations of constituents of the FGD wastewater and the raw water were measured to identify major components of the influent (Table S2) (20.5 mg/L) was greater than the KDHE criterion for agriculture (Nable et al., 1997) . The concentrations of other constituents, including total-sulfur (S), calcium (Ca), sodium (Na), chloride (Cl -), EC, and total dissolved solids, were also at high levels. It can be expected that the high salinity (EC>3 dS/m) of the FGD wastewater could change soil chemical properties over time (Essington, 2004) . Previous studies have shown that Se reduction can be inhibited by high EC associated with agricultural drainage water (Zhang et al., 2003) . Visual MINTEQ S9 (Gustafsson, 2004) calculations were performed for water analysis data from the JEC (Table S4 ).
The results indicated that FGD wastewater was supersaturated with respect to gypsum.
Selenium fractionation of topsoil and engineered soil materials
The SEP results for the original TS and ES soils ( Figure S9 ) show that less stable exchangeable and adsorbed Se constituted 58.3% of the total Se (Table S7 ). The more stable Se ranged from 7.6 to 55.5%. Among the stable phases, the organically associated Se fraction was dominant. This implies that most of the inherent Se was preferentially incorporated into the OM (5.1% OM content) of the TS material. A greater amount of Se (78%) was extracted from the less stable phases in the original ES material ( Figure S9 ), whereas more stable Se was 9.3 to 27.7% of the total Se (Table S8) . Figure S3 . Elemental distribution of selenium (Se) and iron (Fe) in the soil thin section of topsoil (TS) that was fed only with the FGD influent for 100 days (a) and the FGD influent for 100 days and raw water for an additional 100 days of flushing (b) by micro-XRF. These maps were generated on the areas of interest (AOI), which are AOI-1,AOI-2, AOI-3, and AOI-4 on the coarse maps. P1,P2, P3, and P4 are Se hotspots (i.e., brightest points) that were used to collect Se K-edge micro-XANES spectra. Figure S8 . Fractionation of Se for the topsoil and the engineered soil original materials. Error bars represents standard errors (n=2).
W a t e r s o l u b l e E x c h a n g e a b l e A d s o r b e d O r g a n i c a l l y a s s o c i a t e d
E l e m e n t a l R e c a l c i t r a n t o r g a n i c O r g a n ic a ll y a s s o c ia t e d E le m e n t a l R e c a lc it r a n t o r g a n ic (Combs and Nathan, 1998) . ¶ Cation exchange capacity. ‡ Average and standard error of two replicates on the analysis, except for OM, CEC, and particle size. Total suspended solids, mg/L 180.0±42.4 50.0±7.1 ¶ Electrical conductivity.
* The FGD wastewater is the water after chemical/physical treatments to remove some of the sulfur and other compounds (such as As and Hg). It is the wastewater used to conduct this experiment. The 1:1 mixture of FGD wastewater:raw water was used as the influent for the soil columns.
Table S3. Summary of the sequential extraction procedure
Step # Shaken for 2 min and centrifuged for 15 min at 10, 000 g. † Filtered through Whatman no. 42 filter paper followed by 0.2 µm before analyzing on ICP-MS. *The average concentration listed is based on the laboratory reported concentrations. In cases where the constituent concentration was reported by the laboratory to be a non-detect value (U), which is at or below the reporting limit, the reporting limit value was used in the calculated average. Samples were collected between 3/30/2009 and 7/24/2009. A total of 16 samples were collected during this period. Table S6 . Comparison of removal efficiencies of FGD wastewater constituents by the soil columns that received the FGD influent for 100 days and an additional 100 days of flushing with the raw water and the pilot-scale constructed wetland treatment system (CWTS)
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-------------------------------------------Soil pH---------------------------------
Constituents
Soil columns CWTS
Topsoil-2 Engineered soil-2 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Se from FGD influent Se fractionation (%) was calculated by subtracting the original concentration of Se in each fraction from the Se extracted from the soil columns were fed only with the FGD influents for 100 days and the columns that received the FGD influent for 100 days and an additional 100 days of flushing with the raw water. The difference was then divided by the total Se retained from the FGD influent in each section. The amount of Se (%) from the FGD influent in each section was calculated by dividing the retained Se in each section by the total Se retained in the whole column. §Step 1, Water soluble Se;
Step 2, Exchangeable Se;
Step 3, Adsorbed Se;
Step 4, Organically associated Se;
Step 5, Elemental Se;
Step 6, Recalcitrant organic Se; and Step 7, Residual Se = [100 − ∑ extracted Se (%)] 6 1 . Selenium fraction < 5% is excluded in the results. ¶ All results are in averaged and standard error of two soil columns. Table S8 . Selenium associated with each operationally defined fraction was quantified for engineered soil (ES) by sequential extraction procedure (SEP) a
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Soil
Step 1 Step 2 Step 3
Step 4 Step 5
Step 6
Step 7 Se from FGD influent Se fractionation (%) was calculated by subtracting the original concentration of Se in each fraction from the Se extracted from the soil columns were fed only with the FGD influents for 100 days and the columns that received the FGD influent for 100 days and an additional 100 days of flushing with the raw water. The difference was then divided by the total Se retained from the FGD influent in each section. The amount of Se (%) from the FGD influent in each section was calculated by dividing the retained Se in each section by the total Se retained in the whole column. §Step 1, Water soluble Se;
Step 6, Recalcitrant organic Se; and Step 7, Residual Se = [100 − ∑ extracted Se (%)] 6 1 . Selenium fraction < 5% is excluded in the results. ¶ All results are in averaged and standard error of two soil columns. 2 /(N data -N components ) is the reduced chi-square statistic. Here ε is the estimated uncertainty in the normalized XANES data (taken as 0.01 for all data). The sum is over N data points (140 data points between E= 12642 and 12692 eV for all data of bulk-XANES, and 145 data points between E= 12641 and 12691 eV for micro-XANES), and N components is the number of components in the fit (2 as indicated in the Table) . The total percentage was constrained to be 100% in all fits. Typical uncertainties in the percentages listed for each standard component are 5%.
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